Ribosomes are encoded by many copies of ribosomal DNA (rDNA) packed into the nucleolus. High rates of transcription combined with highly repetitive sequences render rDNA loci particularly vulnerable to genomic instability, a proposed underlying cause of cellular senescence. The molecular mechanisms that maintain rDNA stability have remained unclear. A new paper elucidates a sirtuin-dependent mechanism that protects rDNA loci from genomic instability and prevents cellular senescence via heterochromatin silencing mediated by the chromatin remodeler SNF2H. This finding extends our understanding of chromatin dynamics within rDNA regions and offers new mechanistic insights into aging-related pathologies associated with genomic instability.
Various types of environmental and cellular stress pathways converge to cause genomic instability by altering DNA damage responses or deregulating chromatin dynamics, resulting in checkpoint responses that lead to cellular senescence. Particularly, clusters of rDNA 2 repeat regions, densely packed within the nucleolus in nucleolar-organizing regions, are susceptible to DNA damage due to their repetitive nature. Maintaining the integrity of rDNA sequence repeats packed within heterochromatic loci is critical for preventing cellular senescence and aging-related pathologies. The mechanisms that cause these pathologies are conserved from yeast to mammals. For instance, mutations altering the nucleolar structure render yeast strains short-lived, exhibiting accelerated aging phenotypes (1). In humans, rDNA instability due to high levels of genomic recombination and rearrangements is involved in premature aging disorders such as Werner and Bloom syndromes. Generally, maintaining chromatin structure is crucial for preventing genomic instability, and rDNA loci are also subject to the influence of chromatin dynamics on both sequence rearrangements and transcription capacity.
Members of the sirtuin family of proteins, which are conserved from yeast to mammals, function as histone deacetylases that modify the structure of chromatin into silenced states that protect genomic integrity. The yeast Sir2 (silent information regulator-2) protein promotes the formation of heterochromatin throughout the genome (2) . In yeast, overexpression of Sir2 extends lifespan, whereas loss of Sir2 accelerates aging by enabling formation of extrachromosomal rDNA circles (ERCs) expelled from rDNA genomic loci (3) . Whether such a mechanism was conserved in mammalian cells was a matter of intense study in recent years.
In the current issue of JBC, Paredes et al. (4) shed new light on the mechanisms underlying chromatin stability at rDNA loci by demonstrating that SIRT7-dependent heterochromatin silencing protects against cellular senescence. SIRT7 is a member of the mammalian sirtuin family of proteins, acting as a multifunctional chromatin regulator that influences transcription via deacetylation of histone H3K18ac (5) and whose function can be activated by dsDNA breaks. SIRT7 was originally shown to increase transcription of rDNA loci, which is essential for cell viability in mammals (6) . In the new study, Paredes et al. (4) show that SIRT7 can have another, contrasting effect by interacting with SNF2H, a member of the ATP-dependent chromatin remodeling complex SWI/SNF, to specifically silence rDNA promoter regions ( Fig. 1 ). SNF2H is also an integral component of the nucleolar-remodeling complex (NoRC), which triggers nucleosome sliding along the DNA in a manner dependent on both ATPase activity and histone acetylation levels (7) . Paredes et al. (4) showed that SIRT7 acts as a scaffolding protein that brings SNF2H onto rDNA chromatin regions. Importantly, the authors did not exclude the possibility that SIRT7-dependent deacetylation of H3K18 is independently important in imparting chromatin silencing on rDNA genes, an idea that remains to be explored.
Consistent with rDNA-driven cellular senescence, which was initially observed in yeast to be regulated by Sir2 (1), cells depleted for its mammalian homologue SIRT7 lost about 50% of their rDNA copies, exhibited increased rDNA damage and overall disruption of nucleolar integrity, and senesced more quickly. Notably, previous studies have shown that another mammalian sirtuin, SIRT6, can also interact with SNF2H, recruiting it to sites of double-strand breaks (DSBs) and promoting DNA repair (8) . Although both SIRT6 and SIRT7 recruit SNF2H to protect genomic integrity, how their preference for specific genomic regions (SIRT6 recognizing DSBs and SIRT7 binding to rDNA) is established remains to be determined. For example, SIRT7 acts on H3K18, and SIRT6 acts on H3K56; this might affect where they localize. Alternatively, different protein complexes interacting with SIRT6 and SIRT7 could account for their differential roles in protecting the integrity of the genome in the context of SNF2H.
The finding by Paredes et al. (4) adds to the mounting evidence that chromatin dynamics caused by histone modifications strongly influence genomic stability. It demonstrates a critical role for SIRT7, in the context of SNF2H, in maintaining heterochromatic regions to protect rDNA loci from rearrangements, which are becoming a hallmark of aging and related pathologies. As it was previously shown that SIRT7 increases transcription of rDNA, it is possible that SIRT7 has pleiotropic roles when it comes to altering rDNA biochemistry via chromatin silencing or transcriptional activation, which could depend on diverse environmental and/or cellular inputs. Given the recent studies demonstrating that accumulation of senescent cells could drive organismal aging and that elimination of senescent cells could extend lifespan (9, 10) , these new studies provide an exciting mechanism for how SIRT7 may act as a driver of organismal healthspan. Figure 1 . SIRT7-dependent rDNA silencing via recruitment of SNF2H preserves genomic stability and protects from aging. A, SIRT7 functions as scaffolding protein to recruit SNF2H, which is part of the nucleolar remodeling complex (NoRC), to promote chromatin silencing at rDNA gene promoters, and potentially as an H3K18 deacetylase as well. B, SIRT7 depletion abrogates recruitment of SNF2H, causing loss of heterochromatin, increased double-strand breaks (DSBs), fragmentation of rDNA repeats leading to nucleolar disruption, genomic instability at rDNA loci, and cellular senescence, all features of organismal aging.
